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in Frozen Dough: Contribution of Cellular Trehalose
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The effects of freezing on gas production of two baker's yeast strains then examined by following the changes in yeast trehalose content in
(A and B) were studied in dough. A specific parameter, the mean volume dough. Cryoresistance was not directly correlated with the initial amount
(volm), obtained from the area under the gassing curve was shown to be of trehalose in the yeast nor with the level still present in the dough at
the best expression of overall yeast dynamics during fermentation. the time of freezing. However, when the trehalose level dropped below
Assessing the specific freeze-thaw and frozen storage resistances of 5%, the delayed frozen storage resistance was clearly lowered. A 4-5%
yeasts showed that strain B was particularly cryoresistant. Immediate trehalose content at freezing appeared to be sufficient to prevent yeast
freeze-thaw resistance of both yeasts was unaffected by 1 or 2 hr of from indirect chilling injury during frozen storage. A higher quantity of
prefermentation before freezing, which is not the case for frozen storage cellular trehalose does not contribute to further cryoresistance.
resistance. The possible cryoprotective role of cellular trehalose was

Over the last decades, the quality of French bread obtained
from frozen dough has been markedly improved by adaptation of
breadmaking technology and selection of yeast strains (Maitre
1985, Neyreneuf 1990). However, very little is known about the
physiological behavior of yeast cells through the freezing stress
they face, or about factors that make one yeast strain more resis-
tant than another. The modification of water distribution in the
complex dough matrix could result in strong variations of the
yeast's microenvironment, leading to reversible or irreversible
cellular damage (Mazur 1976) during both freeze-thaw treatment
and frozen storage.

The ability of yeast to maintain maximum fermentative power
through this stress (cryoresistance) is affected by both techno-
logical and cellular parameters. Technological parameters, which
can now be considered as controlled parameters (Van der Plaat
1988), consist not only of the freezing treatment (freezing and
thawing rates, length of frozen storage period) but also recipe and
dough history up to the time of freezing. Nevertheless, French
bakers are still obliged to overdose the yeast in frozen doughs.
Some parameters related to the yeast, strain selection, way of
growth, and physiological state of the cells when used (Kline and
Sugihara 1968, Oda et al 1986, Hino et al 1987, Gelinas 1988,
Dunas 1988) could probably also be improved, but the mecha-
nisms involved still remain largely unknown.

Interest has focused on trehalose as an important physiological
factor of yeast cryoresistance. This particular disaccharide, which
can accumulate up to 20% of the cellular dry weight, was consid-
ered an energetic reserve as well as a stress metabolite (Van Laere
1989). Trehalose was related to resistance of yeast to several
types of stress, including desiccation (Gadd et al 1987), osmotic
stress (Mackenzie et al 1988), and heat stress (Hottiger et al
1987). Coutinho et al (1988) showed that trehalose could be used
as a powerful cryoprotectant for yeast when frozen in water. Fur-
thermore, several authors reported that it imparts a higher cryore-
sistance to baker's yeast in dough. The strains selected by Oda et
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al (1986) and Uno (1986) during screenings of yeasts suitable for
frozen dough showed higher trehalose contents than less cryore-
sistant strains. Trehalose accumulated during strongly aerobic
culture may have had a cryoprotective effect on Saccharomyces
cerevisiae (Gelinas et al 1989). A high trehalose content was
beneficial for a good freeze-thaw stability after extended storage
(Dunas 1991). These authors also pointed out, however, that a
high trehalose content was not always related to a higher cryore-
sistance.

The work of Hino et al (1990) on freeze-tolerant versus freeze-
sensitive yeasts demonstrated that the freezing tolerance of yeast
strains was, to some extent, associated with the basal amount of
trehalose maintained after a prefermentation period. On studying
the evolution of trehalose in yeast cells during fermentation in a
liquid synthetic medium, Van der Plaat (1974) observed a rapid
degradation of this disaccharide due to intracellular trehalase
activation. Van der Plaat (1988) further suggested that some cryo-
protective trehalose had to be present at the time of freezing. Cry-
oresistance might then be enhanced by reducing the trehalose
consumption before freezing. Driessen et al (1991) were able to
enhance sugar and drying resistances of a yeast strain by modifi-
cation of the genes controlling trehalose metabolism. Neyreneuf
(1993) further reported that such a modified strain showed in-
creased cryoresistance in frozen dough.

In the present work, the influence of different freezing treat-
ments on fermentative capacity (gas production) was studied to
compare the cryoresistance of two candidate yeast strains for
frozen-dough. A specific high-performance liquid chromatogra-
phy method using amperometric detection was set up for quanti-
fication of trehalose. Its sensitivity was so high that, for the first
time, it became possible to study the evolution of cellular treha-
lose in yeasted doughs. An attempt was made to verify whether or
not higher trehalose contents could impart a better cryoresistance
to baker's yeast in frozen dough and whether trehalose consump-
tion before freezing could affect the posthawing gas production
capacity of the cells. Assumptions were also made on the way the
trehalose could help the cell to withstand the freezing stress.

MATERIALS AND METHODS

Yeasts
Experiments were conducted with different batches of two

industrial baker's yeasts (Gist-brocades, Prouvy, France):
Saccharomyces cerevisiae strain A (33.7% dry matter, 44%
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protein [N x 6.25]) and strain B (33.7% dry matter, 47% protein
[N x 6.25]).

Frozen Dough Preparation
Doughs (1,500 g of standard French wheat flour, 900 ml of

water, 37.5 g of compressed yeast, 33 g of NaCl) were mixed for
21 min in an Artofex mixer after the yeast had been first sus-
pended for 5 min in water. Dough temperature was 220C at the
end of mixing (except where otherwise stated). In one case how-
ever, a 13'C dough was prepared with kneading at 4°C. After
sampling in plastic containers (150 g for gassing power meas-
urements and 50 g for trehalose determination), dough pieces
were incubated 0-120 min at different temperatures. Dough pre-
freezing history represented the sequence of events taking place
before freezing: yeast suspension (5 min) + dough mixing (21
min) + sampling (19 min) + preincubation times (0-120 min).
Therefore, total prefreezing treatment of dough pieces could last
45-165 min. Freezing was performed in a deep-freezer, for 1 hr at
-380C and then for 5 hr at -20'C. Frozen dough samples were
then stored at -20'C. Standardized defrosting was performed
slowly overnight in a retarder (16 hr at 40C).

Gas Production Analyses of Yeast in Dough
Gassing analyses were performed in a fermentometer adapted

from the volumetric system of Burrows and Harrison (1959).
Dough samples with core temperatures of 220 C (when unfrozen)
and 40C (when freeze-thawed) were put into glass flasks in a
water bath at 28 ± 0.05'C. The flasks were connected to a gradu-
ated device filled with a liquid equilibrated with atmospheric
pressure. Kinetics of yeast gas production were followed by
measuring the level of this liquid every 10 min, which indicated
the total volume of evolved carbon dioxide.

Trehalose Determination
Trehalose was extracted with boiling 12 mM H2SO4; 50 g of

dough sample was mixed with the extraction solution and heated
for 10 min at 100°C and then centrifuged-washed. The final ex-
tract was adjusted to 500 ml. The initial amount of trehalose pres-
ent in the yeast was determined before the mixing step: 0.5 g of

TABLE I
Dough Treatments and Gassing Power (Volm)a

Dough Yeast Prefreezing Treatmenth Volm (ml)C FS
Sample Strain A B D FT FS (wks)

D1 A 220 C 0 267 200 146 3
60 min, 20°C 199 147 3
120 min, 20°C 193 103 3

D2 A 130C 0 162 178 137 3
60 min, 10°C 184 130 3
120 min, 10°C 181 133 3

D3 A 220C 0 276 203 140 4
40 min, 20 0C 200 128 4
80 min, 20°C 200 95 4

D4 A 220C 0 250 179 123 4
40 min, 200C 185 113 4
80 min, 200C 197 85 4

D5 B 220C 0 291 230 197 4
40 min,200C 249 179 4
80 min, 200C 230 133 4

D6 B 220C 0 302 240 209 3
D7 B 200 C 0 292 230 201 3

a Volm Mean value of gas volumes measured throughout 3 hr of
fermentation, obtained from the integral of the gassing curve.

b A = Dough temperature at the end of mixing. B = Time and temperature
(bench temp.) of the preincubation period and after the sequence (5-min
yeast suspension + 21-min mixing + 19-min sampling = 45 min).

c Gas production measurements performed in direct (unfrozen) process (D);
after freeze-thaw cycle without frozen storage (FT); and after frozen storage
(FS), respectively.
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compressed yeast sample was suspended in 3 ml of the extraction
solution and heated for 3 min at 100°C and then centrifuged-
washed. The extract was finally adjusted to 100 ml. Extracts were
filtered on 0.45-gm filters and then stored frozen at -20°C. Treha-
lose was separated by anion-exchange chromatography with 150
mM NaOH as eluant on a Carbopac PAl column coupled with a
pulsed-amperometric detector (Dionex, Jouy en Josas, France).
Trehalose contents presented in Table I are the average values of
two or four samples of the same dough or yeast batch.

RESULTS AND DISCUSSION

Gassing Profiles of Yeasts in Dough
CO2 production of the samples was represented by a gassing

curve checking CO2 production versus time. As shown in Figures
1-3, three steps could be observed during fermentation: 1) an
acceleration period corresponding both to initiation of the yeast
metabolism and to equilibration of the dough temperature with
the 28°C of the water bath; 2) a period with constant and maxi-
mum fermentation rate; 3) a slowing down period of gas produc-
tion followed by a period of weak gassing activity.

Due to the various conditions applied during the present study,
it was difficult to directly compare the numerous gassing curves
obtained. A general parameter expressing the overall gassing
activity of yeast was necessary. Although the baker's preoccupa-
tion is most often focused on the level of loaf volume obtained at
a given time, a single value such as total gas production in a given
period does not describe the kinetics of the entire proofing proc-
ess and does not give access to the dynamics of fermentation.
Consequently, it would not provide any information on physio-
logical reactions of yeast to freezing stress. Several characteristics
of the gassing curves were assessed for the ability to better de-
scribe this phenomenon (maximum speed, time to reach the
maximum gas production rate, etc.). Considering the general
aspect of gassing curves obtained in the present work, the most
relevant parameter appeared to be the mean volume (volm) of CO2
produced, given by the area under the gassing curve divided by
the time, which takes into account the shape of the curves during
fermentation.

The volm of CO2 depends on the intensity of activity at each
moment and especially during the first critical period of gas pro-
duction. It is related to intrinsic factors (yeast properties) as well
as to extrinsic factors (temperature, yeast dosage). For compari-
sons between different conditions and different strains, volm was
determined after a constant period of 180 min of fermentation, an
usual time for French bread dough leavening. For example, the
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Fig. 1. Gas production in unfrozen doughs at 280C (150-g dough
samples). Yeast strain A (D4, 0). Yeast strain B (DS, O). Initial dough
temperature was 22°C.
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